INTRODUCTION
Aluminium alloys reinforced with SiC and Titanium Carbide (TiC) particles were broadly used for manufacturing mould, die, automotive, aerospace and surgical components by virtue of high specific strength and elevated temperature resistance. However, the full potential of these metal matrix composites is hindered by cost effectiveness and difficulties in machining process which generally result in excessive tool wear due to the abrasive nature of the material [1] . Ceramic particles-reinforced aluminium MMCs fabricated by P/M processes were also being extensively studied due to their potential low fabrication cost. TiC particle reinforced MMCs are very much interesting, because of the thermodynamically stable nature of TiC and enhances the hardness and lightness of the composite [2] .
Many of the investigations were focused on friction and wear properties of the MMCs [3] [4] [5] . The principal tribological parameters that control friction and wear properties of MMCs can be classified into two levels, namely mechanical (extrinsic factor) and material (intrinsic factor) [6] . Among these factors, the effects of applied load, atmosphere temperature and reinforcement contents on friction and wear properties of MMCs have been investigated by many researchers [7] [8] . Choh [9] fabricated in situ TiC composite by utilizing the reaction between liquid aluminium alloy containing thermodynamically stable carbide forming elements and relatively unstable carbide such as SiC and Al 4 C 3 as solid reaction sources.
Roy et al. [10] have studied sliding wear behaviour of Al matrix composites reinforced with SiC, TiC, TiB 2 , B 4 C particles and noted that the composite has lower wear rates and coefficient of friction as compared to the pure aluminium.
It has been also noted that many key factors such as type, size and volume fraction of particles as well as the interfacial particle/matrix bonding have a pronounced influence on the wear behavior of composites reinforced with in situ particles.
Nanosizedaluminium powder in the flash powder exhibits high thermal energy content and high sensitivity in various compositions of flash powder. The thermal behavior studies in the above work were analyzed by DTA/TG and DSC [11, 12] . Safety analysis was conducted for Synthesizednanoaluminium and titanium powders [13] . Nanoparticles have a greater thermal behavior while compared with micron sized powder [14] .
Even though the wear rate and friction rely upon many factors such as applied load, environmental temperature, specimen geometry, surface roughness, sliding speed, material type, sliding distance, relative humidity and system rigidity, it has been found that sliding distance and normal load had a particulate strong effect on the wear rate [15, 16] . Based on this context, in the present work various parameters of Al/TiC nanocomposites was studied i.e, conductive and dry sliding wear behavior, thermal analysis, electrical conductivity, wear rate, coefficient of friction, the effect of load and sliding distance on the wear behaviour.
EXPERIMENTAL PROCEDURE

Material
Aluminum powder with an average particle size of 40 µmand 99.8% purity were used as the matrix material. TiC powder with an average particle size of 2 µm and 99.6% purity were supplied from Alfa AesarPvt Ltd, England. The characteristics of the aluminium and TiC powders were shown in Table 1 (a-b). 
Powder Preparation
The TiC powder was pulverized to below 200 nmand and was obtained by using high-energy planetary ball mill for 13h, with the speed of 150 rpm. The individual powders (Al, TiC) were fine-grained in a planetary ball mill using tungsten carbide grinding medium. The ball to powder ratio was 1:20 and liquid acetone was used as a process control agent. Further 1.5 h and later it was blended on a mass basis with 0, 5, 10 and 15%titanium carbide and rest aluminium powder. Then the combined Al/TiC powders were mixed scientifically in the high energy ball mill for another 0.25 h to attain homogeneous mixture [17] .
Composite Preparation
Compacting
Specimens were prepared using different particle size of TiC namely ≤ 200nm&2µm with 10 mm diameter &30 mm height through powder metallurgy technique at a compaction pressure of 675 MPa. This was compacted by compression testing machine (2.0 MN) by using die assembly. Zinc-sterate was used to lubricate the die set, the density variation was maintained by mass & compacting pressure.
Sintering
After compaction, the preforms were removed from the die set carefully and loaded into the furnace for sintering.
The sintering was carried out in a vacuum furnace (to prevent oxidization) at 575±5 0 C for a period of 1.5 h. After that the sintered preforms were left in the furnace for cooling until it reaches its room temperature. After sintering, the specimens were cleaned further by wire brush.
Density
Experimental density was determined by the Archimedes method [18] and the theoretical density was calculated from the simple rule of mixtures. The amount of relative density increases with particle size reduction of TiC content.
Composite Characterization
Microscopy
A Microstructural characterization study was conducted on metallographically polished samples to investigate morphological characteristics of grains and presence of second phases and worn surface after wear test by using Scanning Electron Microscope (SEM). Field Emission Scanning Electron Microscope (FESEM) was used to confirm the uniform distribution of reinforced particles.
X-Ray Diffraction
The composite sample was examined by X-ray diffraction (XRD) using Cu-k α radiation with a wavelength of DSC was used for finding out the melting, crystallization and ignition behavior of the composites. The thermal degradation behavior of the Al-5TiC (2µm) and Al-5TiC (≤200 nm) composite were studied by TGA. The information about the thermal stability and extent of degradation of materials were taken from the integral of TGA and derivative DSC curves [19] .
Hardness
Hardness of composites was determined using a Vickers indentation technique with a load of 500g dwelling for 10-15s at room temperature and the values were shown in Table 2 . 
Electrical Conductivity
Eddy current instruments in accordance with ASTM standard E1004-02 were used for finding out the electrical conductivity of Al/TiC composites [20] . The electrical conductivity of Al/TiC was determined by this equipment was usually stated as a percentage of the conductivity of the International Annealed Copper Standard (% IACS).
Wear Test
The entire experiment was performed in air at (30±1) 0 Calong with ASTM: G99-04 in DUCOM TR20-LEpin-ondisc wear testing machine [21] . The contact surface of the specimens was polished by a variety of grid/emery papers (800, 1000, 1200 microns). The prepared pin samples were set in the slot arm above the rotating disc. The surface contact between the sample & disc surface were reserved at 100%. An electronic balance having a resolution of 0.0001 g was used to measure the weight loss. . At the end of every sliding distance interval, the pin was carefully cleaned using acetone to remove the burrs developed during the sliding of the pin on the disc surfaces. The exact mass of the pin was measured after the removal of wear debris from pin surface, and the mass loss was calculated at each sliding distance interval. All of the worn pin surface was analysed using SEM to study the dominant wear behavior.
RESULTS AND DISCUSSIONS
Microstructure and Phase Analysis
SEM was used for the assessment of particles before & after milling exhibited Figure 1 thermal degradation takes place at higher temperatures than micron size particles. In all DSC samples of metal matrix composites, the degree of purity was observed by employing different particle sizes of TiC. The results indicate the purity, melting heat and temperature for both sizes (2µm, ≤200nm) of particles. Due to the reduction in particle size, thermal degradation takes place with increase in temperature. Further, it was found that during decomposition, the change of enthalpy affects by the particle size reduction of TiC. Based on particle size of the metal matrix composites, Al-5TiC (≤200 nm) composites exhibited high weight gain which indicates higher oxidation rate of metal which prevents further chemical reaction due to the formation of oxides compared to Al-5TiC (2 µm) composites. For all TG samples, initially weight loss was noted and followed by an increase in weight. The initial weight loss was due to the desolation, desorption, drying and decomposition of the metal matrix composite. In the Al-5TiC (2 µm) composite, the weight loss takes place up to the temperature of 825°C, and followed by weight gain. This may be due to the adsorption, absorption, solid-gas reactions and oxidation reactions. As the metal matrix composite reaches the nano size, the weight gain increases a maximum. This was due to the occurrence of oxidation reaction (equation (1)). Figure 5(a-b) illustrates the effect of the TiC particle size & amount on the composite hardness. Considering this figure, by increasing the amount of TiC, composite hardness increases since its hardness is much higher than that of pure aluminum [24] . It was obtained that by increasing the amount of TiC from 0% to 10%, hardness increased from 32.4 to its ductility that can be attributed to higher hardness of TiC. Considering this figure, it illustrates that decreasing the particle size will increase the composite hardness. So, the average hardness of Al-TiC composite specimens with ≤200 nm TiC particles are higher than that of the Al-TiC composite specimens with 2 µmTiC particles. The reason for this increase can be studied from two viewpoints. (i) Due to greater interfacial area between the hard & soft phases. (ii) The defectsin the coarse-grained particles were more than the fine-grained ones which results in its easy fracture under tension. Al-TiC (≤200 nm) composites with 5, 10 and 15%TiC addition were measured as 52.5, 44.6 and 39.5% IACS, respectively. The above results exhibits low electrical conductivity of pure Al [25] . Interaction between free electrons and nucleus are weak in the metals. Therefore, electrons easily move and accordingly electrical conductivity of metals is good.
Hardness
However, electrons do not move, as the electrons are firmly bonded to the nucleus in the carbides. For this reason, electrical conductivity of carbides are weak [26] [27] . Increasing addition of TiC in Al matrix results in reduction of [28] . Further observation indicates that, the electrical conductivity in the Al-5%TiC (≤200 nm) composites shows a slight reduction compared to Al-5%TiC (2 µm) because the strength and hardness of the composites increase with the increasing amount and size variation of particle reinforcement. [29] . After analyzing the equation, it was found that Regression coefficient (R 2 ) values for the polynomial equations are greater than the power law equations and also shows that if the R 2 value is 1, then there is no difference between the experimental and the predicted value. The polynomial equations provide accurate conformity. Further, the number of experiments can be minimized by using regression polynomial equation (Table 3 ). Figure 7 (a-d) shows the variation of SWR with standard load at different particle sizes of TiC at 5, 10 and 15% (≤ 200 nm and 2 µm) of the composites and at a constant sliding velocity of 2.61 m/s for different sliding distances respectively. It is analyzed that the SWR increases gradually with increasing standard load. The SWR decreases gradually as the volume fraction of TiC increases and decreases in the TiC particle size. Thereafter, an improvement in hardness, high bonding and reduction in real area of contact was found out by the incorporation of hard TiC particles. Since real area of contact was found out due to the ratio of the load to the hardness of the pin material. Therefore, as a result SWR decreases with decreasing real area of contact. respectively. It is examined that the COF increases gradually with increasing normal load. While it decreases gradually as the volume fraction of TiC increases and decreases in the TiC particle size. As the load increases, the contact surface becomes higher and hence the heat generation increases with the increase in the COF& comparatively COF decreases in the steady state. It is noted, that while increase in the volume fraction of TiC content, the part of the TiC on the sample surface increases, and therefore they act as a shielding while doing the wear test, and thus they contribute to the decrease of coefficient of friction. In other words, it states that the TiC reinforcement has deeply penetrated in to the soft matrix material to reduce the friction coefficient. During sliding, the TiC can cover the wear surface and act as obstacles which decreases the coefficient of friction. completely protected by the hard ceramic particle, it is also noted that the smooth grooves were formed in the composites. • DSC result shows quick phase transition for nano powder & therefore mass loss event during the decomposition at the earlier stage. Further, it was found that the during decomposition, the change of enthalpy affects by particle size reduction of TiC.
Effect of TiC Particle Size Variation on SWR
• Hardness value increases with increasing the secondary particle TiC in the Al matrix.
• For a given load, there is a linear increase in SWR of composites and pure aluminium pinswith sliding distance under dry sliding.
• The SWR increases gradually with increasing normal load. However, compared to pure aluminium, composites have exhibit low wear rate. This may be, due to incorporation of hard TiC particles appearing in a minor real area of contact, ascribed to higher hardness of the composite and therefore, SWR. SWR also decreases gradually with increase in volume fraction and particle size reduction of titanium carbide.
• The coefficient of friction for the load of 20 N was greater than those for the loads of 10 N& 15 N at constant sliding velocity. However, the coefficient of friction increases as the sliding distance increases.
• Analyzing worn surface morphology, it was concluded that the pin surfaces are damaged by the cause of such wear mechanisms as abrasion, delamination and oxidation. Among these mechanisms, abrasion and delamination predominates at a sliding distance of 1600m.
• The addition of nano sized TiC particles as reinforcement in Al matrix was established to embellish the wear resistance significantly.
